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ESTIMATION OF CONTROL FORCES OF SERING-TAB 
AILERONS FROM WIND-TUNNEL DATA 
B 7 Owen J. Deters 


SUMI-IARY 


A' method Is presented for estimating the control forces of 
sprlng-tah ailerons froMi nonlinear wind-tunnel data. The method 
applies to the most general form of spring-tah system, the geared 
spring tah. The two principal arrangeinents of the ailerons ari(^ 
spring unit ^e considered. These arrangements are (l) an arrange- 
ment wherein the ailerons are interconnected and employ a central 
spring imit and (2) an ari'aaagement with no Interconnection "between 
the ailerons with individual preloaded spring units for each aileron* 
Static wind-tunnel data consisting of both aileron and tab hinge -moment 
coefficients aro req.ixired as well as the characteristics of the linkage 
system. 

The effects of the rolling motion of the airplane on the control 
forces and wing-tip helix angles are accounted for by the procedure 
given in NACA' ARE No. L5F23. An empirical con’ection is employed to 
account for the effects of yaw, yavri.ng motion, and wii:g twist on the 
wing-tip helix angle of the airplane. An example is given to illus- 
trate briefly the cemputations involved in the method. 


INTRODUCTION 


The application of spring tabs to ailerons has the advantage of 
reducing the difference between the control forces at high and low 
speeds for a stated value of wing-tip helix angle. Foi- aileron con- 
trols an initial hinge moment will xisually exist at neutral aileron 
deflection. These hinge moments result from the variation of the 
aileron and tab hinge moments with angle of attack and may become 
q.uite large at high angles of attack. When spring tabs are employed 
this initial hinge moment will tend to cause both ailerons to deflect 
in the same direction (against the spring unit) until the aileron 
hinge moments are balanced by the moment contributed by the spring 
unit and the tabs. Two principal arrangements of the aileron and 
spring unit can be used to prevent the ailerons from deflecting 
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excessively as a result of these hinge momeiitB - (l) an arrangement 
wherein the ailerons are interconnected and employ a central spring 
unit end (2) ,an arrangement wherein the ailerons are not inter- 
connected and employ individual preloaded spring units for each 
aileron. In the first arrangement the interconnection “between the 
ailerons prevents them from deflecting in the same direction, whereas 
in the second arrangement the preload of the spring units prevents 
the aileron from deflectirg excessively. 

Existing methods jObr estimating control forces of Bpring-ta“b 
controls (for example, reference l) assume linear variations of 
aileron and tah hlnge-mcaaent coefficients with control deflection, 
tah deflection, and angle of attack. This assumption is generally 
Justified for controls, the deflections of which do not exceed the 
range of deflection for which the hinge-mcment characteristics are 
linear. For controls which require large deflections, such methods 
are not applica“ble. 

The method presented herein was thei’efore developed for estimating 
the control forces for spring-tah adlerons frcm laonliiiear wind-tunnel 
data. The “basic principles of the method, however, can be’ applied in 
the estimation of the forces of other controls. The method includes 
both arrangements of the aileron and spring unit. A brief discussion 
of the changes in the method for a differential linkage is also 
presented. An example is included to illustrate briefly the computa- 
tions involved in the method used when the ailerons are interconnected. 


SYMBOLS 


Cl 


Cz 





lift coefficient 
section lift coefficient 
rolling -moment coefficient 
aileron hinge -moment coefficient 
tab hinge-moment coefficient 

rate of change of section lift coefficient with angle 
of attack (dc^ 

rate of change Of rolling-moment coefficient with 

/ \ 

wing-tip helix angle 1 

U(pb/ 2 V“)/ 
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plj/SV wing-tip helix angle, radians 

ttQ section angle of attack, degrees 

a wing angle of attack, degrees 

AC 2 increment in rolling-moment coefficient due to deflection 

of hoth ailerons 

(Aa)p increment of angle of attack due to rolling 

factor employed in evaluating (^)p 

6jj control wheel deflection, degrees 

aileron deflection, positive when aileron is moved down, 
degrees 

6^ tah deflection, positive when tah is moved dorm, degrees 

aileron horn deflection, opposite in sign to aileron 
deflection when "both are deflected in same direction, 
degrees 

8 total difference "between horn and aileron deflections 

(9' + A8) positive when producing a more positive 
ta"b deflection 



A9 difference "between aileron and horn deflections due to 

deflection of spring unit, positive when producing 
a more positive ta"b deflection 

Eg^ aileron hinge moment, positive when tending to produce 

a more positive aileron deflection, foot-pounds 


Blj. tah hinge moment, positive when tending to produce a 

more positive tah deflection, foot-pounds 

Fj, total force in link E (see fig. 1(a)), positive when 

opposing deflection of ailerons, pounds 

Fg control force tangent to control wheel, pounds 

Fj' total force in link Q, positive when opposing the 

deflection of the ailerons, pounds 
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K 

E 

V 

^1 

P 

a 

■b 

°t 

X 


P 

If m, n 
Constants 



force at end of aileron horn contributed by each tab, 
positive when opposing deflection of ailero 3 iB, pounds 

force required to deflect spring, positive when opposing 
deflection of ailerons, poi’nds 

spring-unit constant, foot-pounds per deg^’ee 68 

linkage ratio (la/n) 

airspeed, feet per second 

indicated airspeed, miles per hour 

angular velocity in roll, radians per second 

dynamic pressure, pounds per square foot 

wing span, feet 

aileron span, feet 

tab span, feet 

aileroxi root-mean-square chord, feet 

tab root -me an- square chord, feet 

taper ratio (ratio of tip chord to root chord) 

radius of control wheel 

spring unit pi’eload, foot-pounds 

dimensions of spring-tab system (see fig- l) 


02 =. 2 


Hi) “^3? 




a^a 
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METHOD OF CALCDLATIOW 


Spring-tab control systems may be divided into tvo general 
classifications, the ordinary or ungeared spring-tab system and 
the geared spring-tab system* In the ordinary spring-tab system 
when the control wheel is deflected with the system under no load 
the tab does not deflect, whereas in the geared spring-tab system 
the tab deflects. The two principal configurations of aileron 
spring tabs (ailerons interconnected and not interconnected) are 
shown in figure 1. From this diagi’am it is evident that the ordinary 
spring-tab system is a special case of the geared spring-tab system. 
When the dimensions I and m (fig. l) are eq.\ial the system has 
no gearing, when Z > m the tab is geared in the conventional manner 
and when 2 < m the tab will lead the aileron. 


Assumptions 

The basic assumptions involved in the procedures are as follows! 

(1) The rolling motion of the airplane is steady 

(2) The effects of aileron and horn deflections on the linkages 

are negligible 

(3) The effects of wing deflection and friction on the control 

forces are negligible 

Assumption (l) is Justified inasmuch as the effect of variations 
in the rolling velocity on the aileron control forces are very small. 
For assumption (2) the changes in the linkages for various aileron 
and horn deflections are small and the resultant effect on the aileron 
control forces has been neglected. The effect of friction noted in 
assumption (3) is not negligible but no general procedure exists to 
account for this effect) which depends upon the linkage arrangement 
and condition of the control system involved. Similarly, no general 
procedure exists to account for the effect of wing deflection, which 
depends upon the rigidity of the wing involved. 
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Effect of the Airplane Rolling Motion 

In the calculation of both the control force and wing-tip helix 
angle fr<M static wind-tunnel data the steady rolling motion of the 
airplane must he considered. The effect of rolling motion on the 
rolling-maraent and hinge -mcment characteristics is described in 
references 2 and 3 ; however, the basic parameters which are req.uired 
to deteamiine the effect of rolling are presented herein with a brief 
description of tlie procedure- 

The rolling effect on the aorodynemlc characteristics of the 
aileron and tab results from the increase in angle of attack over 
the dawngoing wing and the decrease in angle of attack over the 
upgoing wing. The magnitude of the angle-of -attack change varies 
approximately linearly over the wing semispanj however, the net 
effect of the rolling motion can be represented by a constant 
increment in angle of attack, which is obtained frcm figure 2. 

Hie value of the wing- tip helix angle pb/2V‘ is determined 
from the relationship 


2V 



( 1 ) 


The value of the parameter far various wing plan forms is 

presented in figure 3* The constant 0.8 is employed in equation (l) 
to estimate the value of pb/2V for the airplane. The constant 0.8 
is an empirical factor intended to account for the effect of yaw and 
yawing-motion at low speeds and wing twist at hi^ speeds and should 
not be used in the determination of (da)p. 


Case I - Ailerons Interconnected, 

Central Spring Unit 

The arrangement of the aileron, tab, and spring unit are shown 
in figure l(a). It is evident from this figure that the deflection 
of each aileron and control horn will be equal in magnitude but 
opposite in sign. The tab deflections will not necessarily be equal 
but will be determined as a function of 0 from, the particulai’ 
arrangement of the aileron, horn, and tab- The exact relation between 
and 6 has been worked out and for ’.very small values of 0 the 
following equation closely approximates this exaot relation: 


6-jj *= R 0 


( 2 ) 
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From figure l(a) It is evident that 


** + ^h (3) 

and 


The subscripts *6a "5^ refer herein to the positively and 

negatively deflected ailerons. When the ailerons are in equilibrium 



(5) 


Similarly, when the tabs are in equilibrium 



Introducing equation (6) into equation (5) gives 



From equation (8) the spring-unit constant which would be required 
for equilibrium of the system for given deflections of the aileron 
and horn can be determined. In the solution of equation (8) the 
aileron and tab hinge moments are corrected for the effect of the 
rolling moticmi and the value of K applies to the particular angle 
of attack of the airplane as it entex’s the rolling maneuver.. If 
the values of K are plotted against corresponding values of l^j, 
the horn and tab deflections at which the system will be in equili- 
brium can be determined for any value of the spring-unit constant at 
the various aileron deflections. 
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Ccmbining eq.uatlons (3) and (5) gives the expression for the 
moment of the force Fiy about the aileron hinge 


5’a® » + P-b(m - 2) 


(9) 


or 


= Ha.g 

°a 



+ K 


A6 




( 10 ) 


The aileron control force is then determined from the following , 
equation: 


Fjiffi. 

“ d6o 



( 11 ) 


For values of A6 equal to zero, a positive value for the term 
in hrackets of equation (8) indicates that the aileron is underbalanced 
and a negative value indicates that the aileron is overbalanced. When 
the aileron is overbalanced (as could result from seme foim of additional 
aero(3ynamic balance) the conventional tab gearing can be reversed 
(causing the tab to lead the ailex-on) to correct the overbalance. For 
the tab-leading condition the ratio 2/m will be less than unity. 

When aijy adleron overbalance is not corrected by means of the tab 
gearing, the value of K will be negative for those aileron deflec- 
tions for which the aileron is overbalanced. 

As the assumed values of A0 are increased the value of K 
may change sign. A change in sign from positive to negative indicates 
that the aileron was initially underbalanced (tab neutral) and has 
become overbalanced as a result of assumli^g too large a value for AS 
at that aileron deflection under consideration. Conversely, a change 
in sign from negative to positive indicates that the aileron was 
initially overbalanced as a result of some additional aerodynamic 
balance (and not corrected by tab gearing) and has become under- 
balanced as a result of assuming too large a value for A8. Inasmuch 
as a spring-tab- system will not become overbalanced as a result of 
excessive deflection of the spring, the conditions represented by 
the change in the sign of ' K cox0.d not occur. Therefore, when 
the system is initially underbalanced only positive values of K 
are considered, and when the system is overbalanced^ (and not corrected 
by tab gearing) oifLy ixegative values of K are considered. 
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When a differential linkage is employed the aileron and horn 
deflections will not he eq-ual for a given deflection of the control 
wheel and oonseqLuently the value of wJ.ll he different for each 
aileron. The spring-unit . constant will then he defined in terms of 
the value of ZS6 for one of the ailerons. In the determination of 
the control force the mechanical advantage will he different 

for each aileron. Ccmhining equations (3), (5)^ (8)^ and (ll) in a 
slightly different manner gives an expression for the control force 
for a system employing a differential lii&age* 


J’c=- 

r 


+ 

I ^-Sa 







Case n - AileroriS Not Interconnected, 

Separate Spring Units 

The arrangement of the ailei-on, tah, and spring tinit are 
shown in figure l(h) . In this aarxangement only the aileron horn 
deflections will he eq.ua! (assuming no differential linkage)) the 
aileron and tah deflections will not necessarily he eq.ual. As in 
case I the tah deflections are determined from the particular 
arrangement of the aileron and horn. 

As previously noted, the spring unit must he preloaded an 
amount sufficient to prevent the ailerons from deflecting excessively 
in the same direction as a result of the initial hinge moments of 
the aileron and tah at 6a = 0. If it is not ohjectlonehle for 
the ailerons to float up slightly in some attitudes the amount 
of preload may, he adjusted accord5.ngly. 

The eq.uatlons for this configuration are similar to those for 
case I. Inasmuch as the action of each aileron is independent of 
the other, the conditions for eq.uillhrium mxist he determined for 
each aileron individually. From figure l(h) it is evident that 
for each aileron 


Fg,'=Fa + F^ (12) 

and 

Fj’l » Yq} + F-jjZ 


•C13) 
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■When the aileron- Is in eq.uililxrivan. 


+ FT32 = Ha 


(lit) 


Similar -when the tahs are in eg^ulllhritmi 


F^n ** “Ht 


(15) 


Introducing equation (15) Into equation (l4) gives 


F^Z » Ha + ® Efe 


(16) 


and 


E » -f- (Ha + f Ht 

A0 V ® ^ 


(17) 


Since the spring-unit constant will he eqvial for each aileron 


®«a ^ ^5. 


E. 


+ S 


-B 


K 




B 


a 






(18) 


a 


Introducing the value of the spring-unit preload into equation (I8) 


a ■ a 


H, 


a 


-B, 


gSt -P 

"°a 


= K = 






(19) 


•'a 


-B 


a. 


It should he noted that equation (19) may he applied only when 


Ha + 5 ^ 


for each aileron exceeds the magnitude of the spring- 


xmit preload P. If the preload is not exceeded A0 will he zero 
and the system will he .equivalent to one in which the sjring-unlt 
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constant is infinite. The solution of eq.uation (19) (with the 
exception of special cases) is accomplished hy means of successive 
approximations. For a given value of the value of A9 is 
assvmed and the right and left sides of eqLuatlon (19) must he equal 
for equilihrinm of the system. If the calcifLated value of K does 
not equal the value corresponding to the chosen spring, a second 
assumption for the value of A6 is made and the procedure is repeated. 

The control force is determined from the mcsnent of the total 
force Fy' about the aileron hinge* Comhinlng equations (12) and (ll<-) 
gives 


Fgi'm “ + J^(ni " T>) 


or 


Fqi ' m = Ha + K ^9 ^ ( 20 ) 

The control force is then determined from the moment of the force ^t’ 
for both ailerons in the some manner as that for case I. 

When the spring-unit preload is piman the ailerons will deflect 
to an angle which is determined the speed, the initial angle of 
attack of the airplane, and the value of the spring-unit constant. 

The ^leron angle is determined by equation (I 9 ) in which the value 
of /Ss will be equal to the aileron aiigle. The computation of’ the 
control forces is accomplished in the manner previoiisly described. 

It should be noted that the hinge moment of the aileron on the 
downgoing wing will decrease as the control wheel is deflected. If 
the preload is comparatively large (but not sufficient to prevent 
the ailerons from deflecting), the magnitude of the term |Hg + S 

of equation (l9) may become less than the spring-unit preloadj thus, 
the tab deflection is reduced to zero for the aileron of the down- 
going wing. When such a condition exists the value of for 
that aileron will be zero and its deflection will be equal to the 
horn deflection. Thus, .it is possible' to tise a direct procedure 
analogoTis to that for case I for those aileron deflections when this 
condition exists. 


HiUSTEATiVE EXAMPLE 


In order to Illustrate briefly the computation pi’ocedure an 
example is presented. The example illustrates the computations for 
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case I vliere the ailerons are Intercoimected. For case H (no 
interconnection "between tho ailerons) the computations are similar 
and ta"bles can be arranged to facilitate the computatipns. The 
wind-tunnel data were obtained from tests of a partial-span model 
of a bcmber-type airplane.. 


Geometric Characteristics and Conditions 


of the Assumed Airplane 

The geometric characteristics of the airplane and the data 
req.^llred for the computations are as follows: 


Wing span, b, feet . . 

Aspect ratio ..... 

Wing loading, pounds per square foot 
Taper ratio, X ... . 


Ailerons: 

chord, percent c ^ . 

internal sealed balance, percent Cg^ 


Inboard end of aileron, percent b/2 . 
Outboard end of aileron, percent "b/2 

bgCg^, cubic feet. ■ . . . . 

b.(;Ct^, cubic feet. .......... 

'^®h. . 

^ 

Control-wheel radius, r, feet . . 

R 


Z/m 

Spring-unit constant, K, foot-pounds per degpree 



230 

11.1 

57 

0.25 


20 

54 


59 

99 

352 

T.ei 

0.20 


0.583 

2.5 

2/3 

50 


The wind-tunnel test results are usually obtained in the form 
presented in figure 4. In order tp account for the .effect of the 
rolling motion of the airplane, cross plpts (fig. 5) sre made in 
which the data of figure 4 are plotted against angle of attack. 
Cross plots are usually made for 4 ca: 5 aileron deflections. 


The conditions selected for tho example are representative of 
the landing configuration of the airplane, with flaps deflected 
and a c 14.0°, Cj^ = l?-9, = I08, and q =» 30- The constants 

required for the computations of the wing-tip helix angle and tho 
correction to the angle of attack for the effect of rolling are 
determined ffom figures 2 and 3 follows: 
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*= 0.85 


The Talue of aQ vas olDtained from, two-dimensional tests to "be Q.31.^- 
and conseq.uently 


c, = 0.532 

P 

These constants are comhined in seTerel arrangements, which are used 
freq.uently in the computations, as follows: 


= 1.50 

Cg ® • 9 

C 3 = 10,563 

= 586 
C5 =.0.343 


Computation Procedure 

Table I . - In table I the first four colvmns are determined from, 
the relationship between 6g^, 0', and d9. The ralues of A9 are 

arbitrary. The computation procedure is outlined as follows: 

Columns ( 5 ) and (6): The value of each tab deflection will 

depend upon the relationship between 6 and 5.j. and for this 
example is 

8t = 2.58 

Column ( 7 ) • The total increment in rolling-moment coef- 
ficient Is determined from figure 6 for each tab deflection at 
a = l4.0°. The total increment in roUlng-mcment coefficient is 
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Column (8): The increment in angle of attack used to 

account for the effect of rolling is obtained "by multiplying 
column (7) by constant C^* Inasmuch as the values of 

have not been corrected for the effect of rolling these 
increments in angle of attack represent only a first approacl- 
mation; however, since the values of (Ax)^ are calculated 

to one decimal placo no error is introduced by employing only 
a first approximation. 

Columns (9) and (lO): The increment in angle of attack 

is added to the wln« angle of attack (l4.0°) foi' the positive 
aileron deflection ^column f9)) and subtracted for the negative 
aileron deflection (oolximn (lO)). 

Columns (ll) and (l2) ; The aileron hinge -mcment coef- 
ficients are obtained at the proper angle of attack and. tab 
deflection from figure 5* ...... 

Col^3mns (13) and (l4): The tab hinge-mcanent coefficients 

are obtained at the proper angle of attack and tab deflection 
from figure 5* It should be noted that the sa»^ increment in 
angle of attack is employed to account for the rolling effect 
on the tab hinge -moment coefficients as that for the aileron 
hinge-moment coefficients, but, since the magnitude of the 
tab hinge moment is small compared to the aileron hinge mcment, 
any error Introduced by employing the same angle of attack for 
the tab as that used for the ail^on would be negligible. 

Columns (15) and (16): The aileron hinge moments are 

obtained by multiplying columns (ll) and (12) (aileron hinge- 
moment coefficients) by constant C^* 

Columns (17) and (iS): The effective tab hinge moments 

are obtained by multiplying columns (I3) and (l4) by constant 
C4. 


Column (19)1 The hinge mcment contributed by tho spring 
unit is obtained by use of the relationship given by eq.iiation (?) ^ 


H, 


a. 


-Sc 


- 


"Sc 


EEfc 


-Sc 


EH{. 


Sa 


Column (20): The spring-unit constant is deteimined by 

dividing the hinge moment contributed by the spring by the 
magnitude of A6. Inasmuch as A8 has both a positive and a 
negative sign (depending on the aileron defloction) only the 
magnitude is considered. Tho value of the spring-unit constant 
is that which would be req.uJ.red for eq.uilibrium of the system 
for that partic\fLar aileron deflection and A8. 
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A plot of the valiiea of the sptrlng-imit constant foi’ the various 
values of is presented in figure 6 . From, this figure the value 
of A 0 req.uii'ed for eq.uilihi’ium of the system (for the initial angle 
of attack) can he determined for each aileron deflection at ai^y value 
of the spring constant. The control force is then determined hy the 
aileron hinge moment at each eq,uilihrium condition. 

Table H . - For a given value of the spring-unit constant the 
control forces and corresponding values of the wing-tip helix angle 
are determined in table II. The value of. tho spring-unit constant 
for the example was chosen as 50 foot-pounds per degree. The 
computations of the conti’ol force and wing-tip helix angle are out- 
lined according to the columns of the table as follows: 

Columns (l) to ( 6 ): The value of A 8 at which the system 

will be in equilibrium for each aileron deflection is determined 
from figure 6 . From the value of 6 ' and £iB the value of 6 
and the corresponding tab deflections are detexmiined as in table I. 

Column (T) J The total increment in rolling-moment coef- 
ficient is detezmiinsd as in column ( 7 ) of table I for the 
particular tab deflections. 

Columns ( 8 ) to (lo): The Increment in angle of attack and 

the a ng les of attack for each aileron deflection are determined 
in the same manner as in columns ( 8 ) to (lO) of table I. 

Column ( 11 ) ; The total increment in rolling-mcment coef- 
ficient is determined at the proper angle of attack for the 
positive and negative deflection of the aileron. If the values 
of columns (T) and (ll) are equal, the rolling motion of the 
airplane has no effect on the rolling-mcment coefficients. If, 
however, the values of columns (t) and (ll) are not equal a 
, second apwoximation mvist be made in which the value of 
column ( 7 I is taken as the preceding value 5.n column (ll) 
and the procedure repeated until tho values of columns ( 7 ) 
and ( 11 ) are equal. In general, two approximations will be 
sufficient . 

Column ( 12 ): The wing-tip helix angles are obtained by 

multiplying the final values of column (ll) by the constant C^^* 

Columns ( 13 ) and (14) : The aileron hinge-moment coefficients 

are determined at the corrected angles of attack (which determined 
the final value of rolling-moment coefficient) from figure 5 * 

Column ( 15 ) J The net aileron hinge moment is obtained as 
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“Column (16): In obtaining the product k[a 0 | 

the spring tinit constant for this example is 50 foot-potinds 


per degree and the constant 


m 


- 1 is 0 .5 . 


Column (17); The control force is determined hy nuilti" 
plying the sum of columns (I5) and (I6) by C^ . 


CONCLUDING HEMArKS 


A method is presented for estimating the control forces of 
spring-tab ailerons from, wind-tunnel data. The method applies to 
the most general fom of spring-tab system, the geared spring tab . 
The two principal arrangements of the aileron and spring unit are 
considered and an example of the coja^iutatlon is presented. The 
rolling effect on the control forces and rates of roll are 
included in the computations and approximate corrections for tho 
effect of yaw, yawing motion, and wing twist on the rates of roll 
are made . 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., April 8, 19^7 
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(a) Ailerons ‘ interconnected, central spring unit. 



Figure 1.- Schematic diagram of the two principal configurations of 

ajj.erun 
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Figure 2.- Chart for determining the parameter used in the computation 
of the change in angle of attack at the ailerpn (from reference 3), 
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Figure 3. - The variation of the damping coefficient in terms of the 
slope of the section lift curve with aspect ratio for various values 
of the taper ratio (from reference 2). 
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Figure 4,- Aileron characteristics of the model used for the illustrative 
example plotted against aileron deflection; a = 11.7°. 
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Figure 6.- The variation of the spring-unit constant required for 
equilibrium of the system with A9 for various aileron 
deflections at an initial angle of attack of 14° of the model of 
the illustrative example. 



